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)
Commissioning - Summary of Requirements (@

e First Beam

e Individua pilot bunches of ~5" 10° ppb
e QandQ congtraints relaxed

e First Physics Run (end of commissioning)

e 43 0n 43 bunches of 3-4" 10'° ppb

o Drift Rate (snap-back) Tolerance Requested | Correction
Commissioning (Unit per sec for ~30sec) Accuracy Rate (Hz)
(first physics) .
Max 80% Pred | Inj / ramp + 80% Pred
Orbit (mm) <1
Tune
2.8 0.6 ~10 3 0.1
(" 109)
Chromaticity 38 0.8 5 55 0.3

(Qx)




K
Normal Operation - Summary of Requirements ‘@

Drift Rate (snap-back) Requested | Correction
Norm_al (Unit per sec for ~30sec) Tolerance Accuracy Rate (Hz)
Operatl Sl Max 80% Pred | Inj/ramp 80% Pred
Or bit (mm) <1
Tune
2. . . :
¢ 109) 8 0.6 3 0.75 0.3
Chromaticit
Yl 38 0.8 1 0.5 1
(QX)

» Tolerance on Chromaticity reduced by afactor of 5

* Reguested accuracy better than 1 unit

o Correction rate of 1Hz required during snap-back
e Implies a measurement rate >1Hz
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Skew Modulation

s qLoopArrays.mon PPM User: RHIC Cu_ U1 |
File PPM Setup Logging Diagnostics
.21 ere we see .003/sec from 245MHz
1 system, resolution ~0.0001

L2530 T

05:45:20 05 45 23 05 45 EE 05 45 29 05 45 32 05 45 35 05 45 38 N5:46:41

time of day

gLoopTune.bh:tuneBufFH[*]

gLoopTune, bwtuneBufFH[*]



BBQ Tracking at Injection @

REAL-TIME MEASUREMEMT

TEACE A: Chl Spectrum

| span 1.2KHz,

i | sew rate ~.005/sec,
overshoot isreal?
change in linewidth
with tune changeis
non-linear transfer
function of VCO

Center: 21.128174 kHz Span: 1.22070312 kHz
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Tune Conclusion (@

Slew spec is .0006/s (feedforward!) commissioning and operations
- we have demonstrated .003/s to .005/s
Accuracy 1s.003/.00075
- RHIC linewidth at baseband is ~.001 to .002
. Operations requirement may be problematic?
. may require HP filtering of 3D before diodes to limit linewidth
Correction rate is 0.1Hz/0.3Hz
. Impliesloop BW of 1Hz/3Hz, should be no problem

With exception of operations accuracy, It appears we can meet the
spec. Operations accuracy requires further investigation.

Attention must be given to feedforward, to minimize required
correction strength in successive ramps

Interface between correction strength buffer from latest ramp to
ramp manager for next ramp must be in place - thisisa CERN
responsibility
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)
Commissioning - Summary of Requirements (@

e First Beam

 Individual pilot bunches of ~5" 10° ppb
« Qand Q' constraints relaxed

e First Physics Run (end of commissioning)

* 43 0n 43 bunches of 3-4" 10'° ppb

o Drift Rate (snap-back) Tolerance Requested | Correction
Commissioning (Unit per sec for ~30sec) Accuracy Rate (Hz)
(first physics) .
Max 80% Pred | Inj / ramp + 80% Pred
Orbit (mm) <1
Tune
2.8 0.6 ~10 3 0.1
(" 109)
Chromaticity 38 0.8 5 55 0.3

(Qx)




K
Normal Operation - Summary of Requirements ‘@

Drift Rate (snap-back) Requested | Correction
Norm_al (Unit per sec for ~30sec) Tolerance Accuracy Rate (Hz)
Operatl Sl Max 80% Pred | Inj/ramp 80% Pred
Or bit (mm) <1
Tune
2. . A .
¢ 109) 8 0.6 3 0.75 0.3
Chromaticit
Yl 38 0.8 1 0.5 1
(QX)

o Tolerance & Accuracy on Chromaticity reduced by afactor of 5

* Reguested accuracy better than 1 unit

o Correction rate of 1Hz required during snap-back
o Implies a measurement rate >1Hz
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K
Chrom Spec - can we meet It? (®

Spec is actually areguirement on PLL
need tune slew rate and resol ution to track tune modulation accurately
dew rate ~ loop gain, resolution ~ 1/loop gain - they fight each other
- RHIC experience indicates we can meet the spec
« Quantitatively (reminder: Qx = dg/(dp/p) = Q')
Q slew rate ~0.8/sec

for Q'~5, this trandates to .004/s units of tune slew, assuming dp/p ~.001.

- dp/p modulation of .0001 at 1Hz with Q'~5 (tolerance limit) adds another ~.001/s
units of tune slew.

- tune spec adds another ~.001/s units of tune slew

- Assuming worst case, all are the same sign, total is ~.006/s units of tune slew.
This appears do-able, but is pushing it at present level of development.

Accuracy of 2.5/0.5 units of chrom with 5/1 tolerance limit requires tune
measurement resolution of ~.0005/.00005. The operations spec may be at the
edge.

Correction rate of 0.3Hz/1Hz implies|oop BW of 3Hz/10Hz. Limitations
Imposed by 60Hz lines may be a problem at 10Hz.
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. LNan Mar 0F 23:49:36 - Tue Mar. 08 03.:45:00

Window Ewvent

+/-100 mradial modulation at 1Hz

ramp 6380

L + + + 1 + + + + + t + + + t + t + + + + + t + + +—i

22:48:40 22+49:10 2243140 23:00210 2Z:00140 23:61:10 23:51:40 23:52:10 23:52:40 23:63:10 23:52:40
qLoopChrom, yh:chromBufFH[ , 163802158 qLoopChrom,yhichronErrorBufFH[ L 163502159 qLoopChrom, yw:chromBuf ML, 16330160

= gqLoopChrom, gy tchronErrorBuf L, 163801161 —8— ey-ztone —&—  ev-ygtstart
ev-botstart ev—yganmat, —a— ev-bgammat
ev—flattop ev—endramp —&— ey-accranp

A Saanmein
réamp 6381

02 0a:60 02509:20 0209250 0210420 02410250 02511420 02:11:50 02:12:20 02:12:50 02312220 02:12:60
qLoopChromn, yh:chromBufFH[* 163511154 qLoopChromn,yhzchronErrorBufFH[* 163511155 qLoopChrom, yw i chromBuf FH[* 16331 ;1156

= gLoopChrom, gy tchronErrorBuf FH[* 16381 1157 —8— ey—ztone —&—  ev-ygtstart
ev-hgtstart ev—yganmat —8— evy-bgammat
ev—flattop ev—endramp —&— ey-accranp

i,

rfamp 6382

0233930 02340300 0240130 0234100 02:41:30 02+ 42200 024230 02143200 0243230 0244200 0244130 0245100
Time

gLaopChramn, uh* chronErrorBufFH[ L 16382+151

aLaoopChram, us* chromBuf [ L 16382 +152

aLaoopChramn., uh * chromBuf£H[ L 16382 +150



" N N
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| Mon Mar 07 23:48:20 - Mon Mar 07 23:58:19

Window Ewvent

0.228:
U+225:
U+224:
0.222:
0.220:
U+218:
0+21E:

214

0,214 1

zoo§m showi ng ~.Q01 t@ne modul atiohs at 1Hz

23151

51:08  23:51:10  23:51:12  23:0d:14 0 23:01:16 0 23:51:18 0 23:01:20 23:51:22 23:51:24 Z3:51:26 0 23:01:23

qLoopTune,yhtuneBuf FHL, 163805

*

qLoopTune,yv:tuneh 7

23:51:32

285}

0,221

2 RS

‘ramp 63801t

—

23148130 23049300 23:49:30 23:00:00 23:00:30 23:01:00 23:051:300 23:02r00 23:02:300 23:03:00 0 23:03:300 23:04:00  23:04:300 2310500
Time
—  glLoopTune,yhtuneBufFHML, 163804 qLoopTune, yvtuneBufFHL , 1638015 —8—  gy-acchanp
—8— ev-stone —&— ey-ygtstart —&— ey-bgtstart
ev-yganmat —a— ev-bgammat —a— ey-flattop

ev—endramp




2606 %] Tue Mar 08 02:08:28 - Tue Mar 08 02:18:28

Window Ewvent

2000 1

1500 1

1

1000 1

SO0+

¥
i

0- ‘d’ ‘J’t fh'-*': ’

=50

02:10:53 02:10:55 02310357 02:10:53 0231101 02:113:03 02311305 02:11:07 02:11:09 02:11:11 02:113:13

qLoopTune,yh: iBuffawgkl, 163312 qLoopTune,yh:gBuffagk , 1633113 qLoopTune,yw: iBuffRwgM, 1633114
qLoopTune,uv tgBuffAvgkl , 1638115 —e— gu-accramnp —e— egy-ygtstart
ev-yoammat —e— egu-flattop ev—endramp

0,232
0,230
0,228
0,226
0,224
0,222

0,220+

0.218%
0,216 1

02:10:53 N2:10:h4 02:10:h7 N2:10:h9 02:11:0 02:11:03 N2:11:05 02:11:07 02:11:09 D2:11311 02311313
Time

qloopTune,yh:tuneBuf FML, 1638120 qloopTune, yw s tuneBuf FML, 1638111 —8— ev-accranp
—a— ey-ygtstart *——  ey-ygammat —a— ey-flattop
—a— ey—endramp



Chrom Refinement (@

« Measurement 'runaway' scenario
. gignificant PLL phase error during chrom measurement
. chrom correction too small

. tune mod due to chrom larger than previous measurement, phase
error larger, chrom error larger

. repeat
« Thefix

. use more than depth of tune modulation in chrom correction
. Include PLL phase error in chrom correction

TF Design Review 4-5 April 2005



Orbit Feedback ()

- LHC will have orbit feedback to the level of afew
microns, measuring at 10 Hz and correcting at 1Hz

. One purpose of orbit feedback isto improve
effectiveness of collimation

. Tune kicker islimited to 50m
. +/- 100mradial modulation is potentially problematic

. Potential alternative - fast phase modulation (Bruning)

. new understanding - does not require that PLL BW extend to
phase modulation frequency

. much smaller orbit modulation
. this method does not stress PLL

TF Design Review 4-5 April 2005



24-bit ADC/DAC Serial
module links

ck
L 4‘__ DAC )« ° cos Digital Freq. control /\
‘ — | Gen. |

Machine ‘ LHC standard DAB with an FPGA (al digital)

Sn
7E > dk ? . Filter Amplitude
BUIR Front
F ADC > ’ HW EET
»| End /
\ Filter |10 .
7p)
s _ Filter Cross-amplitude =
Plane #1 s 'g
ane —
< ® o)
RELSEE = Sl | RS
‘ ck )® ) m
N oo =] e
) sin Gen. 2
fo— |
o IS o f Lo Filter [ ATRUde >
IR T ™ Front
F ADC > HW EET
»{ End
} — Filter |12
n" f _ Filter Cross-amplitude
rev
BBQ ACQ System for
Tune & Coupling M easurement m— e
and >® ~_>

M. Gasior, CERN-AB-BDI

chrom



non-linear Chrom?

i'\.-'

gLoopArrays.mon PPM User: RHIC_Cu_Ul
File PPM Setup Logging Diagnostics

)

Mon Feb 14

0,238
0,237
0,236
0,235
0,234
0,233 71

0,232}
0,231}
0,230}
0,220}
0,208}

0,227
0,226
0,225

0,224+

2005

!

_

RHIC at store

M

mw._#um

LHC
. how big Q"?

« What Is effect

on chrom
‘feedback?

11330200 1133200

gloopTune, yht tuneBufFH[*]

11:34 00 11:3R:00 11:38:00
time of day

qloopTune, ywt tuneBuf FHL*]



Chrom Conclusion (®

- We need chrom feedback Beam Exp at RHIC asap

- Chrom spec is actually a spec on ability of tune measurement to
track tune modulation due to chrom, in the presence of other
sources of tune modulation. Preliminary indication is that we
can meet this spec

. Baseband sensitivity to chrom may be stronger than what we see
In 245MHz system - full momentum distribution is excited?

. Inclusion of phase error in chrom correction is essential, will be
tested at RHIC asap

. Interaction with orbit feedback requires attention
. Further study of Bruning method

. Examine effect of non-lin chrom
TF Design Review 4-5 April 2005
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The Coupling Spec (®

Does it adequately address the needs of Tune
Measurement and Feedback?

« disruption of PLL operation by coupling
o disruption of TF by coupling
RHIC experience has shown it is dangerous to not

have responsi bility/authority for coupling
correction when coupling can break your system

Steve Peggs - "Be careful what you ask for."
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The 'Robust' PLL (@

- If you can track both eigenmode projections, you
can make PLL robust in presence of coupling

. switch excitation and receiver planes when g>45
degrees
. Furthermore, with eigenmode tracking and robust
PLL coupling no longer breaks tune feedback?

. you have adeguate information to tell magnet manager
what to do?

. arethings delicate at 45 degrees?
. but you still cannot violate dQmin
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Coupling Conclusion (®

Coupling 'correction' is essential for tune feedback
Sufficient attention has not yet been given to this problem

Coupling must be measured on the ramp
- best method is to measure elgenmode projections?

Coupling feedforward is essential, at least until it is under control.
. Doesthisrequire additional PLL recelvers?

| nterface between eigenmode buffer from latest ramp to ramp
manager for next ramp must be in place - thisisa CERN
responsibility

Possibility of coupling feedback merits investigation
Possibility of ‘'robust PLL" merits investigation

Close co-ordination with Stephane Fartouk

PLL/TF is primary customer of coupling correction

TF Design Review 4-5 April 2005



Outline (@

Tune - Can we meet the spec?

Chrom - Can we meet the spec?

Coupling - I's the spec adequate to our needs?
Emittance Growth - Can we meet the spec?
60Hz - Can a solution be found?

Damper - Can we live underneath it?
Conclusions

TF Design Review 4-5 April 2005



The Emittance Spec (®

. some fraction of 2% during physics running

- considerably more than that during commissioning
and machine devel opment

TF Design Review 4-5 April 2005
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— gloopTune, uhi L BF ftegH] .
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No Measureable Beam Decay! (@)

N

% Sat Mar 26 10:38:19 - Sun Mar 27 01:05:01
Window Event

& -
hp824104

REAL-TIME MEASUREMENT

TRACE A: Chl Spectrum
g A Marker

DCCT and§ WCM

\ § o

r | o2t
0, U ! . ! ' ! ' ! ' } '

2220200 22t 2? iy 2229200 22e3 00 22233200 223000

J J pl
W ""VW" | f\l ) ‘ \1 |4’f[ M'fn' {| by "r 100,
beam decay [%/hr] :
Pu kicker  Kicker
10dB/d|v, ~20mwW klck, n. off
PLL locked, ~70dB S/IN =N TN

22125300 22127100 22129300 22131500 22133100 22135300

TF Design Review 4-5 April 2005 Tine

—%— BluellecaybhBZ:22

——=— blulCCTtotalBEE2:23 —a—  bluliCHbunchedEhE2 324




Summary of emittance growth

Difficult to draw accurate conclusions (many
parameters), but consensus is

« At 100mW kicker power PLL makes measureable
contribution to emittance growth

« At 10-20mW it's hard to see any difference

« Preliminary datafrom FNAL leadsto similar
conclusion

« 245MHz system is on the edge in this regard, but only
due to dynamic range problem

- early data from baseband system is promising
« presently don't anticipate difficulty here

TF Design Review 4-5 April 2005
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60Hz problem (@

need beam test of 720Hz balancing

Problem is potentially much more serious at LHC - more
60Hz harmonics present at 3KHz than 18KHz?

Requires extensive investigation at CERN, to minimize
the effect as much as possible before it appears

al baseband, will appear everywhere in spectrum, cannot
be escaped. High sensitivity pickup required for TF w/o
emittance growth - it will see these lines.

Cannot be corrected with fast orbit feedback?
pre-beam modelling and testing is essential

TF Design Review 4-5 April 2005



Filtering ()

Filter (smplest would be 60Hz averaging)

Filtering will add 'spurious’ phase shift, that will inevitably land on the
betatron line sooner or later

. filtering will add delay, diminish loop stability/bandwidth

possible to build 'zero phase shift’ digital filters, at the expense of doubling
delay

Blind spot at the filter notch - loop gain/dither overcomes this?

mains frequency digitizer required (due to mains drift x harmonic number)
- need to know exactly where the harmonic is

no matter what, parking afilter in the middle of the PLL isapan
. testing with beam simulator to gain experience and quantify is essential

Put tune between mains lines
requires tune feedback - thisis problematic?
nearest mainsline 25Hz away at LHC

limits PLL loop bandwidth to ~10Hz - probably not a problem?
TF Design Review 4-5 April 2005
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The Damper (®

Damper sensitivity ~ 1 micron

PLL requires ~20dB S/N for reliable operation
BBQ sensitivity requirement is then ~100nm
We look OK here, appears sensitivity is~10nm

Again, requires further investigation and testing
both at CERN and at BNL - machine experiments
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Conclusions

Tune - We can meet the spec

Chrom - Can we meet the spec?
radial modulation stresses PLL
radial modulation interacts with orbit feedback, collimators
Bruning method |ooks attractive, addresses both of these problems
Coupling - Is the spec adequate to our needs?
spec requires clarification
areas of responsibility need to be clearly defined
Emittance Growth - We can meet the spec
60Hz - Can a solution be found? our most urgent problem?
need 720Hz balancing test
need investigtion of magnitude of the problem at LHC
need pre-beam modeling and testing before the next RHIC run
Damper - Can we live underneath it?
sensitivity appears adequate
no damper during commissioning?
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Summary/Action Items (®

60Hz
Coupling
. better spec
. measurement and correction method (robust possible?)

. Interface to Ramp Manager for feedforward
. feedback?

Chromaticity
. Include PLL phase error in feedback loop
. magnitude and effect of non-linear chrom

tune - interface to ramp manager for feedforward
Damper - confirm BBQ resolution < 100nm
Orbit Correction - confirm 2Hz operation acceptable
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